In disordered porous media, two-phase flow of immiscible fluids (biphasic flow) is organized in patterns 15 that sometimes exhibit fractal geometries over a range of length scales, depending on the capillary, 16 gravitational and viscous forces at play. These forces, as well as the boundary conditions, also determine 17 whether the flow leads to the appearance of fingering pathways, i.e., unstable flow, or not. We present 18 here a short review of these aspects, focusing on drainage and summarizing when these flows are 
1 Two-phase flow: structure, upscaling, and consequences for 1 macroscopic transport properties 2 R. Toussaint (1, 6) , K.J. Måløy (2, 6) , Y. Méheust (3, 6) , G. Løvoll (2, 4) , M. Jankov (2) , G. Schäfer The physics of two phase flows in porous media is a complex and rich topic, with obvious 33 applications to the hydraulics of the vadoze zone, be it water infiltration, its evaporation, or the 34 transport of Dense Non-aqueous Phase Liquids (DNAPL) down to the aquifers (Dridi et al., 35 2009). Hydrogeologists and soil scientists aim at relating volumetric flow, pressure head, and 36 water content at the Darcy scale, which is a meso-scale above which the medium and the flow 37 are described by continuous mathematical fields. They also need to predict the front 38 displacement of the injected fluids, its localizing or non localizing character, and the fluid mass 39 distribution behind it. The basic laws of multiphase flows treated at mesoscopic scale as a 40 continuum require a closure of simultaneous flow according to Darcy's law. A key point of this 41 closure is a functional relation between the capillary pressure and (water) saturation in the form 42 of retention curves; another key point in the dependence of the relative permeabilities on 43
saturation. 44
The physics community has been mostly concerned with characterizing and 45 understanding flow structures/patterns from the pore scale and up. These structures and 46 processes have a major impact on the retention curves (see e.g. review by Blunt (2001) Even though the capillary fingering structure is fractal, in practice it is well described by a fractal 151 dimension only within a window of length scales ranging from the pore size up to a crossover 152 length on a larger scale. In the case where the density difference between the two fluids is 153 different from zero, but where viscous forces are small compared to the others, this crossover 154 length corresponds to a scale at which the capillary threshold fluctuations become of the same 155 order of magnitude as the difference in hydrostatic pressure drop between the two fluids. This 156 means that the crossover will always occur when the fluid structures become large enough. 157
When a lighter fluid is displacing a heavier one from above at a slow flow rate resulting in low 158 viscous forces, a stable displacement is observed. In this case, the displacing fluid does not finger 159 its way through the displaced fluid; the crossover length sets the width of the rough interface 160 between the two fluids (Birovljev et interface will typically be different in the two fluids. This viscosity contrast will produce a 220 change in the capillary pressure along the fluid interface, therefore playing a role similar to that 221 of density contrasts in the presence of a gravitational field (see section 2). At sufficiently large 222 length scales, the difference in viscous pressure drop between the two sides of the interface will 223 become larger than the typical fluctuations in capillary pressure threshold. This means that at 224 sufficiently large length scales, and thus for a sufficient large system, viscous pressure drops, 225 rather than capillary forces associated to random capillary thresholds, determine the most likely 226 invaded pores; consequently, viscous fingering will always dominate at sufficiently large scales 227 when a viscous fluid is injected into another more viscous fluid. At these large scales, and in the 228 absence of a stabilizing gravitational effects, two-dimensional flows exhibit tree-like branched 229 displacement structures with a mass fractal dimension 1.6 = v D (Måløy et al., 1985) . The fractal 230 dimension of the front, or growing hull, was found experimentally to be around 1, close to the 231 growing interface dimension in DLA models (Feder; 1988) . to the crossover scale between capillary fingering structures at small scale and the stabilized 247 structure, which is linear (dimension 1) at large scales. When the displacement is large enough 248 for viscous forces to play a role, the fractal dimension typical of viscous fingering structures is 249 also seen at intermediate scales (Méheust et al., 2002) . Even in the case where the two fluids 250 involved have the same viscosity, the width of the front was found to be consistent with Eq. being the cell thickness as well as the typical glass bead diameter; flow was imposed along the 326 occupancy (also termed occupation probability) was defined in the reference frame moving at the 328 average finger speed between the system boundary; in that referential, the invasion structure is 329 seen as a finger fluctuating during the experiment behind its stationary tip: for each point in this 330 reference frame, the proportion of the time where this point is occupied by the invading fluid is a 331 measure of the occupancy. It was shown in these experiments that the pathway of the air, defined 332 as the locations where the occupancy probability exceeds half its maximum value, was a finger 333 of width W  positioned in the centre of the channel, with 0.4 =

. This was attributed to a 334 similarity between the process of selection of the pore throats to be invaded and a Dielectric 335
Breakdown Model of exponent 2 (Niemeyer et al., 1984) , that is, a growth process in which the 336 growth velocity is proportional to the gradient of the driving effect to the power of 2. The 337 presence of a disorder in capillary threshold turns out to be important to enforce a boundary 338 condition analogous to a growth probability along the invader proportional to and a correction to this entrance pressure, writes as 367 
